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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium secondary battery restraining a short circuit 
caused by a generation of dendrite from a negative electrode, having a high energy density, and 
providing an excellent charging/discharging characteristic. 

SOLUTION: A lithium secondary battery has an electrolyte layer, a positive electrode, and a 
negative electrode made of a material containing lithium. The electrolyte layer is made of an 
inorganic solid electrolyte, and the positive electrode contains an organic macromolecules. The 
electrolyte layer preferably contains at least one type selected from a group comprising oxygen, 
sulfur, nitrogen, sulfide, and oxynitride. The conductivity of lithium ion of organic electrolyte of 
the positive electrode is preferably lower than that of the inorganic solid electrolyte of the 
electrolyte layer. 
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5 0 C©y*7A£jI©g®*iJg«\ STM (jBttlhV 
*>l/PiSSSi) TftflLT. Rmax=0.1pmT«orc. 

[0 0 6 0] C©y*71.3fc«±H:, RF7^hPV 
X/<*>j£K«ty, Li 2 S-SiS 2 "Li 4 Si0 4 4>££«« 

y-yhlcLT. B*JffXJPH>WteT, @f*gft?ft 
«l*»*Lfc. JtfrlilOfimTfe'A 3E©fflfiEtt, 
EPMA (Electron Probe Micro Analyzer) ft#r<D& 

€JWfc*T, Li (0.42) - Si (0.13) •N(0.01) -0(0.0 
1)-S(0.43)T'SSCi<?»frofc £ft, XMBfr? 

[006 1] i^U>*-#*-KEOt^ntUV* 

r- fl>o«>a«Ktini*LT?Ky t 7 ? y h y 

;KPAM)*«3MKcS8«!**fc«,«)*JS41lU LiPF 6 tf 

T5. C©PAN>t>ti:, St)Mi:%5LiCo0 2 «?*><fclflt 
?fiS»tt**f#r*IIBIBtt?*a*U lOOpmi?©?' 
/USH±lcli*300Mmlc^LTx lESS-f^TS,, 
[0 0 6 2] BLHtroMHHBJgLfcy?9&&a&t 
±IB©jEffi«t LTSJft^f^S U y - K^^SbJ L 

[0 0 6 3] ^LT. «3Wi100inA©*fFT*©36»« 

«ft*miLft. *©*sm, awiEtt4.2v, »sse 

3.0VT*©gfitt0.5Ah(7V^7Bt)T*i6oft, $ft, X 
*>U#-fefil*. 490Wh(7-y H3)/I(y? r-/l/)T*&o 
ft. 

[0 0 6 4] £6Kx H-<O*fFT1000|ll©-y--r^iU3)S 



etu ftffi©y^'>^*jij:y©7 r vK5'r K«fiB*© 

HSftfctf^ ft. £ft. #XH©liSl4% 
[0 0 6 5] lE&^OiySVBftt LT, LixMn 2 0 4 , Li 

xNio 2 steffl lt^ esntttcentfffetift. $ 
ft, jEffi*©*«c:LT, #yx?uv*:wrraw 
tf^asu** y 7 ^ttrx y yyjjwa^ttwa lt 
*k RWicftffftitiitfftenft. set. s««i:L 

Tts LiBF 4 . LiCI0 4 , LiCF 3 S0 3 ©fft&Sdff? 

hT-fc. n«©iem*Mf6nft, 

[0 0 6 6] 0UM1-2) MMl-1(£SiLfcWHUt 

7-y V^W©->'X/l/7 -r K **»?«ejl Lft 0 * 5 
fc. C©B#?**ftlC, tigtfO.lMm~0.5fjm©. Li 

(0.42) - Si (0.13) -0(0.01) • S (0.44) *&$©»«? £10 
<W%a^Lfc. ^©SSttt^tt. Li 2 S-SiS 2 -Li 4 SiO 
« OS&SIfc**, IWILftWJffXWMtT. 7 r-^ 
<fc y WBl^tSBf «THfi Lfc. IEffi©JIcV 
t*3S0/L(mltLft. 

[0 0 6 7] C©attLftfg76©fttt©#tt*fF<IL- 
fc. *©£*. 5E««E*4.2VtU SOmmmt^Vs 
3. 0V©ttmslE(Cfc^5§fitt0. 49Ah(7V<7B3) 
oft, $ft. X*Jl/*-ffifi«\ 400«lhC7y hB3)/l 

(y-y h;WT'*ofc„ seic ifou&ttT-ioooisi©-^ 

^l/ftjftlgfcft-pft t C 3, CftSflmttOffTtt 2 % 

lessen, naaDy^A^aiyoxvK^-f k« 

fiBft©^8tt£<aS*i%froft. $ft, #xn©8£ 
[0 0 6 8] (MM1-3) nMl-1T^Lft«j6«fiC 

ojamnttcmiLAitKcsitzair. ran** 
< r § c t T**<ass^ft y ©&*>*** < t z c t a 

pJ|g<!:3S:5tf. ^©^ 3Emtcg-r5B#P^ti±*<4 
y. HffitttCtfltSo niz* IEfil©JicVtt2AimJ.X±10 
OOprnJ-XT. ©g©)ia'tt1 MmJ-X±200fjmiXTx ^ 
mnmamMil m mtLtSOp mWTtf is<j]t*S5= 

[0069] 

[SI] 
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[0070] (HSfcflyi-4) JHHI1-1 Tv^ L^KfittfS 





zmn 




£££5 






»* 


















Ah/cn' 


(h) 


(iooo a) 


! o.i 


10 


0.2 


0. 02 


0.004 




1 


10 


2 


0.2 


0.04 




10 


10 


20 


2 


0.4 




! ioo 


10 


400 


20 


4 




! 500 


10 


1500 


100 


20 




50 


0.04 


300 


10 




300 HT 












mis ; 


> 50 


1 


300 


10 






| 50 


10 


300 


10 




[ 


! 50 


50 


300 


10 




! 


! 50 


IOO 


300 


6 







[007 1] 
[«2] 



[0 0 7 2] S^1-27*Lfc«fi*« 

■miiMttJBJSU Lfc. COBftWI 

tDTEM (Transmission Electron Microscope)HtC<££ 
■!R-#*rfrS* IBfiEttLiaNT. *0>ff*tttt100*> 

[0 0 7 3] C©ttftLfcTOa>^W#tt*IFfflL 
/c 0 *©JS*. ftmmiE£4.2V<!:LT. 200mA)»m<!:if 
IMtSMIfcS^Tfc* 3.0V$T«E#fiT-r**r©8 
MttO. 49Ah (7>^Tm)t mi^m^TTi L tco Stcs I* 
JU*-MK*. 400Wh(9* Ml) /I CJyHW?^ 
fco *6fc* COBi:*ftW000H©»-f*iW6Wi* 

[0 0 7 4] (SMHH2-1) JiWO^mTIOOmmXSOmm© 
»&b x Sft*»«{*lc % SL^tflOjLimTlRlU^-fXiOU 
**/*£Jl!§ (AS) *ttydt>*fcfeO)*S«tr 











(Riax/jtn) 














(1000 @) 


0.001 


10 


ml 


1 &ft 


| 0. OOS 


10 


*u 




i 0.01 


10 


JSL 




0.1 


10 






1 


10 


*su 




3 


10 


SSL, 




5 


10 






7 


60 


to 


300 @T?JB» 



[0075] »n**«tr*y *^i^-f *ve«Mk 
^©aww&aaci** Li 2 s-sis 2 a>asi»**-y 

B»&*Lfc. JfWilOpmTSyv 3R4)l&£t£* EP 

MA (Electron Probe MicroAnalyzer) 

;l/lt*T% Li : Si : S=0.42 : 0.13 : Q.4SV&Z£tif 

[0076] y**/*Y*>e»ttfc 
&mmt^commo±iz^^z, Li 3 po 4 £$-yy 

[0 0 7 7] C©Affifc«fctfW8IW**«*tCT. 6 

iffliiMiLfttf, BMk»jifl)tafiEa)»kttja6tir. a 

[0 0 7 8] x*u>*-**-h (ec) £7aeu> 
a-**- h (PC)a)a«jS*ftH»LT#y to y □ - h 
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'J/l/ (PAN) *mmmK%MHttzt><D*)%WLT. LiP 
F 6 tfSSSLTVSEC, PC££*fcSlfr£PAN£fPSL 

tc. cwutmz. s*a<t*5Licoo 2 a?. Sctus 

S-S (lEffiftett) ±(C300Mm©(i*T^LTRI® 

[0079] *<D&m. nmnKZA.wtLT. 100mA 

<fc y . 3. OV^TmaAMST-r^STroSSttO. 5A 
90Wh (77h« /I OJyhJb) T'«ofc„ SSlC. 

c ©isi L:&#Tnoooi£]<w< ? nn&nzfi-o tz t c 

5. Cft5©1f14©ffiTtt2%ldfl];t5tv ©Hffl'Jf- 
[0 0 8 0] OfcRW-D HSS«iJ2-Ucfcl,^ KKM* 



[0081] $mm2-uasvzmmiz&^z. mm 
m<j^ i^mtikwt lz. i . 8 p m<DW.^Tmm l 

[0 0 8 2] (H86092-3) 

[0 0 8 3] StSSffifc-HCfcl^T. mUfaZ'SISTZ'J 

STo rm^14j lcfett5©lilooo+»--f-?;UJ.X 

[0 0 84] 
S3] 



«ft«a©»s(«ii) 


iotm0JP£(ju) 




2 


0.1 


0 


10 


i 


© 


is 


1.7 




20 


1.5 


© 


10 


2 


© 


10 


0.05 


0 


10 


2.5 


O ! 


1 


2.5 


x 


0.5 


1 


x 


! 0.5 


2.5 


X 



[0 0 8 5] mm\2-4) JRP-Jl/fccfcyEEKLT. 
ZxftJi!S*SMiLftJia«ft«Lfe. »*M>16I!I* CCD 

[0 0 8 6] cftfcStti: LTHSSff0 1 ^IBKco^T 
WBM«*»J«LT«5ft*ft«U 1mA/cm 2 ( = 'J^V 

fc 0 *©m^§Mli2(Mh/crn 2 (= VT>^<T • f$/¥ 
£*V**-h/l/) <tfey, »a*fcS£LTl/>fcy* 
•J Z*-T * > ^#A6 T « <!: A, £ f ^T© U Lx£mftJt 
tt»cffif8*ftfc« *SK* H-flO*ftT3Ett«©*< 

^iU*ioooit-r^;u$Tff-pfetf, »8flM>fl«c*# 

[0087] (HfiS#J3-1) H3*20 m mTIOOmmX 50mm© 
MmTBUIMXoy^'JWMBS (MS) *»y£fe 

/Co 



[0 0 8 8] ^CD'J^OA^^lC, U-tf^^U- 
->3>>£lC<£*A U 2 S-SiS 2 -Li 4 Si0 4 ©^&Sfel££ 

■»K*mSELfco W*tt10fimT*y* »H©»fiE 
ii, EPMA»*r0lSS. t/Mfc»7* Li : Si : 0 : S=0.4 
2 : 0.13: 0.02 : 0. 437*5 Cttffofrofco *fc* X*S 

10" 3 S/cm (S?a:WTHi:) Tftoft, 
[0 0 8 9] 77ibt:- l J7V : E/7- 7 7 -bh"hy 

;k LiPF 6 v LiCoo 2 f5^> ^xmuBmommf 
*issu fidMt&»j (wiH^hy-ry^/u** 

IS) £;S£LT, 20Mmif(7)7';U = S (iE^ft^i*) ± 
tcJi^lOOMmfc^LTfi^-tL y;Utt©iEe*f^ 

[0090] mtm»KK^figL/cy^^A*sis 

[009 1] ta)3E«tW$tta)l«I5fe*lf^5y 
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[0 0 9 2] *<mm, mssntmmxmimTit. 'ft 
'j— ?*^a<tston?.m«i$©<gT (80%) 

tlfttf, *HSS«iJcD1g76T*tt. tilf100%©m-3»a$<b 
^5*^tW*?5a-3fctf. OTSlc.IEE±IMW&«lli 

ft, 

[0 0 9 3] IE8i*©Stlft.»: LT. LixMn 2 0 4 , LixN 
i0 2 *€EfflLTt,. «(^l«HC*gJR«^S*lft. Sfc, 
IE&*©ttft<»: LT> # 'J x* U >**-9--T K£iS# 

t>. H»lCfi»5:e««^6tlfc. MIC HftSMi: LT 
LiBF 4 , LiCI0 4 » LiCF 3 S0 3 ©l^rtlfcfc^T'fc 

[0 0 9 4] (HSSt»3-2) H)5g«y3-HC^L/cS7teSfi£ 
icfcl^T. T'-bt-" h'J/Uc^T. T^ynxhy;!/ 
*3*fT*N. N-v^/|/*/UA75 K5S« (DMF) 
fflLft, C©8&££fflLft£«S8?-;«©y5 1 '}/*'r* 
2 X 10" 2 S/cmT-S o ft„ 

[0 0 9 5] ^©SSIJIt*. Htt0l3-1£lftt©£ff&1$ 
tttf^Stlfc. $ft, £©81111*. Xfb'A 7* 'J /I/ 
&$x*x;k pt^^'Jp-KU/k **7*yjl/Ki3. 

[0096] (Stffifl3-3) Httfi|3-1 ?,T Lfttt>ft«ja 

K&ivr. *r«w*»©»***a*©25%tefc2*s-tt 
■asftBLfc, ±i3S8jt«ofi»u:<fey» y*7zw 

[0 0 9 7] C©Sjft©3&5x-^1#14fccfctf-77-y?liS$ 

TttHSftfttf. S«1#tfe**tl8Lfc. *6fc. 5000 

■H©»Bi:St>*i*S&-R mStBSflMETWHiS 
tlfc*. *IISfe0iJ©«lfi£©m;feT-tt, JBfttttOffiTI* 

[0 0 9 8] (MMI3H) MMMK*Lfc.EMIlJf 
left,* 1 ?. A«i:IE*Diafc-fe/«l/-**Ktt» 7-tr h 



~ 4 S/anT*ofc. *•©£!£«, tl?a«©fi» 
*1#tt!!Wt5*U ?<<7>Wt1£ , fcfc»&f6JR*3*Lft. 
[0099] (££093-5) MM3-1 T**Lfttt;fc8lfi2 

LT> pWfcy**A.E6*fl*Lfc. C©-?§!S£<s!ffl 
LfcS«.re*©y**/»**>eWBtt1xlO~ 3 s/ 
cnT>«oft, *©£lill*. *S&fl3-1£H«©g#&1f 

ittfsstu +^?;u&i±fca#&*sm^Lft <> 

[0 10 0] (Sttt0M-l) 1 <(>?m<D=.y*l\'&M 
J:y4*»«tt±te. JI^200Mm (£?a»-h 

iW ©y**2*£M«iy*btfT, £®£Lft= rf? 
^havz/^iSicfc'A Li 2 s. p 2 s s , Li 3 PO 
4 ©a£***-*y KcLT, £©fm±K@ttmfg 
Jt5M«B«Lfc. Sfni)iKH& 
tf'J^-j7/x34|g?%. 'JV14JS?%, <{*'}5m=F-%. 
mm 1 R*%A x 5fc5#IMtT l **C ttfWBLft. $ 
ft, C 800nm «-/*-h/l/) 

fto 

[0101] c©# H ifi3ni©y? , }'A'r*vfi 

8&tt7xi0 -4 S/cmT'ifcoft,, -f*>e«at(*. 7/U 

AMU *©±lcBSM*»BrtLT, ajR-fve-^V 
XSSlcJcySSSLft. 

[0102] s»ii^a:«Licoo 2 m^esns* 
s # y 7 ><k fx y 7>*t8 

»ttt*lEa$U 7';U5x^/*5g±lc^LT, IE® 
tLfto 31WJl©»3W*80/imT» 3. SmAh (S'JZV 

7\ «S*tt17.2mAhT«^ft 0 
[0 10 3] Bj£-60*C«T©7/l/:JVJ!fX»H«"R 

^UV*-#*- h©-S^S5RlcS«p^t LT 1 ; EiU% 
©LiPF 6 ^jg^^^ftW^SKiS^iSTLT. y^-7/x 
-^«56«ff«Lft. 

[0 10 4] ?Btt«©-y'f-5';USI»li. 8.6mA©^tt3R 
ftftT\ 5tm4.2V. (S«3.0V©fflTff-3ft. ^©■y-'T^ 
;U»fi?t©tS«*a 4 IC^-T *\ 500^>r -7 ^U^lCfctNT 

fto 

[0 10 5] 
»4] 
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n A ✓ Tawt 

Vj/ LIU 




Li 


P 


Si 


B 


Al 


Ge 


Ga 


S 


N 


0 


m 


4-1 


34 


14 












51 




1 


7X10 1 


500 fiLh 


4-2 


38 


12 












49 




1 


1X10 3 


500 flLk 1 


4-3 


64 


1 












33 




2 


5X10' 1 


500 £Lh 


4-4 


50 


1 








8 




40 


1 




1X10 3 


500 fiLt 


4-5 


42 




13 










43 


1 




2X1Q" 3 


500 EU: 


4-6 


30 






22 








47 






5X10 S 


500 EU 


4-7 


44 


1 








11 




42 


1 




5X10' a 


500 ft± 


4-8 


43 








7 




7 


42 






1X10* 1 


500 w± 


4-9 


31 


1 


7 






10 




50 






1X10' 4 


500 EU 


4-10 


42 




12 










46 






7X10' 1 


500 EU 


it 
ft 

ft 


4-1 
























78 ; 


4-2 


21 


20 












59 




1 


gxio 1 


101 


4-3 


66 




0.3 










33.7 






3XlO e 


192 


4-4 


17 


4 










20 


43 




16 


7X10" 1 


138 


4-5 


29 






29 








52 






4X10* 


251 


6] (Uttft 




4-10) mm 


H4-1*H ftttf 







xatt*«WLTfr-3fc. *©!6**a4fciST. 
[0 10 7] (l±^j4-1~l±S^J4-5) IfcRgtt*: L 

t. mmm^tmmom^z. ®#wMmm*BtiiL 

to 1 o 8] mtom*wMm<mm&&xs4* 

*<DWto<r>w>i\#m*mmLtco *<m¥&*. mm 
KS4 icsr. tmm-2~*-s*>v<< tiwmom^c 

[0 10 9] (HSSW-11~iyg0J4-15) WMM-lt 

hmom*. fc*r«wiB»«iawMi»EaB^T, mm 

f . @ttS$H£©JI*tf50nm~50/um£T-£>KBT-a5 

[0 110] 
[£5] 





m 






4-11 


50om 


500 EU 




4-12 


lOOnm 


500 EU 




4-13 


1.5tfB 


500 EU 


9i 


4-14 


35iin 


500 EU 




4-15 


50m» 


500 EU 


it 


4-6 


20m 


113 




4-7 


40un 


156 




4-8 


50mb 


500 ui.mi,mm\m%) 



ofrzmTLZfsimomw&fi^ i<Mm.<nv-<vi\A$ 

t?60tim<Dm^itts^zn. mcmiMttonmwt? 
mm}mt95%wgt*-\-'%r i $,(D?&?rcb\ so 

[0 112] (H6fcW-16~ltSgW-18) JB&SttSfi? 

as* 2 untitle LTx *a#ii»i*iiif*fsflsft®<*) 

fiJEtt*WLft. HJ6«|4-1T-iftWLfcB5fi 

&\ mmmm. mmmso&mM*. somt 1 /um-ras 

-So -?-ttS<DSSIII£S6lC;jT-ro fitl©«^*» 

[0 113] 
[H6] 
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2 m&<nmm®ft%mmmm\~ «t %%mit 







£301 


OS©, 




?X) 








LI 


P 


0 


N 




% 


4-16 


37.5 


12.5 


50 


0 


li-fllBSftSit I 


4-17 


45.5 


9.8 


39.4 


5.3 


UrRVmcML \ 


m 


4-18 


50 


8.3 


33.3 


8.3 


i*nmuk*L ! 




4-9 


53.6 


7.1 


10.7 


28.6 


2 ttmic. esAtjie 

ft. y?-7Af*>fc# 


4-10 


27.5 


22.5 


50 


0 


i 4-JMttft*i/ i 
1>T, tftft*#ST 



[0114] (j±««ij4-9~j±^j4-io) mmmtoWM 

M«2JI«BtlcLT, #a B a H^«H*S«HSli:^^ 
SiEffiffl!Ji©*§fig£llli6flJ4-16~18<!:«S7lT. 

«M-lTKWLft«j6tE«M)awmi«»tt 1 t.ML 
ft. ftffiW©i«l@Wl»H©ffl*£«. SOM!4-7i:RI 

cii/st tft. **ie©*£ni£S6i;:,Tvr. **ie©fiu 

[0 115] ««!fi|4-19~llJ»«lj4-20) 2ff©Mit@ 



6K. S6««!l4-16i:ig«©«fiET\ ^©SjfeltteSflig 
Lft. £®<M©«i®<*m«ft©*flfigtt. JWW4-74: 

ni^A&u/t. *flMSiRea7iEsr. *fts©flft 

©l§£fc. «»TW.*SStt*3«Lfc. £ft. 

t.mss©aj6ttt6*^u soo-y--f^;umicsj^Ttf , g 

[0 116] 
[S7] 











4-19 


IOqJD 




4-20 


25am 


1 4-HM*fc*b 


mm 


4-11 


Snn 


1 WnC. fiWI6*l. 'J 9 s 


4-12 


30 /xm 





[0 117] (JtkS^94-11~i±«fflJ4-12) ItlSttiL- 
20 <h »$.Mta8Sttmffi® iESffl©J£*«&a. 

t. sia@#B«s©*mTT'©esit*asLf£. * 

Sfc. H«6«iJ4-16i:|Sl«l©^fiET\ Wft&ltfcfiSL 

ft. nmrnommwitomMmmommt. nmm-it 

ffiTLft. 

[0118] (n«fi«4-2D nmwjrvL&m&M 

#XS?B§i4 5 T*7U:*n'-J'$»LT. y*r>L.£JIS®± 
lC*^ttfc»*Wfc*li*l**Lfc. *©&. *©s 
E±fc*HMMTOIHW«IB8Lfc. c©m»s^© 
fflfigtt. Li : 39.4®?%. P : 0.3®?%. B : 16. OK? 
%. 5:43.3®?%. 0:1.1®?%. ffiWMa.S/im?* 
«. *©*«*«§ LT* ftttfll^RMtattOT. 'J 
^■>A-^B>6*fNSiLT. ^©^©■y'r^Mfltfc 
PS L/c. tf-f ?/l/H»tt17. 2mA©^a5fBfeffTff oft 



SgWfSTfclieti&fr o ft. 
[0 119] (Hffifiij4-22) Sgwy^MfellSffi 

tj|IHS*T^U7./\'-y^LT. -€-©Sffi±lc^pri86<j 

Jf£fl?figLft. *©&. *©OT±l=*MB*WflBi 
HfcJgfigLft. C©Bl!ift!©SIfiBi. Li: 38.2®? 
%. PM2.2®?%. S:48.6®?%. 0:1.0®?%. m 
l»li10/jmT'*§. *©mffi*ffifflLT. HJ5fifJ4-1i:ID 
*©*U8?» 'J*'Jr/*=*«56*fm{LT, *©®>ft© 
+T-<?;l/lt14£tliSLft. V<(9lUVm*s 17.2mA©^ 

«asfc#TfTofc<j«» soo+ff */u&ic£^Tt>. asp 

[0120] ( JtflfiM4-23) ft«© 'J * $ A&SSffi 
RFV^hDVX/W^SSrtT. -a. N 2 HH 
a[«t»?7l/*n**;>*LT, *©SiE±U:*Rfil1MfcSft 

r*»b»jB*wymt<i:raBK. mv)90u®*m 

fig L ft. *©&. *4>as±K^ffliraftlttMI«fl$ 
fig L ft. d©mfKH®©«afigl*. Li: 42.3®?%. P:0. 
3®?%. Si : 11.8®?%. S : 44.3®?%. 0 : 1.3®? 



13 



wmcDy-oim&zfsmLtc n-iv^tmst. 17.2 
mA©j£*s6*tt-«Tofctf> soo+f-i-^Mgicfci^T 



[0 12 1] 

[8E©8i£l] JBLh@MI3Lfc.fc o It. *8EKJ:latf. 
y?*Z»£Jim8<fcy©7 ; VK5-< \-<D%£lc<tiZ<m 



fiSirffel 2*P6£2 8B (2 0 0 0. 6. 2 

8) 

[#g!*ij]E1] 

imjEttmwmzi warn 

BufBiEtlffStiigtt? LTV* C i: «^«fT 5 
y^A^MSjfe, 

fcggjbv 1 X10" 5 S/c<nVLtT'&ZZt1>:im.ttZ 

f5H*3Si KiBe^y*? 

&£xmmit%& y fcss^ estr *ifc'j>& < t t-a 

[fl*3S6] BWb%lA\ li 2 S. StfLijStSiSj. 6e 
S 2 . Ga 2 S 3 <fcy&3i¥frSigtfftfc'>fc 

Li 3 P0 4 _ x N 2X/3 , Li 4 Si0 4 - x N 2X/3 . Li 4 GeO 
4-x N 2X/3 (0<X<4) fc«fcmi 3 B0 3 _ x N 2X/3 (0<X< 

3) &vKzufrc>mttnrc'pK<.£i,-m&z£t%: 
<&®itt %mmk 5 iz^mn y ^u-^m^o 

A: 30^ ; f%W±65)S ; f%i.XT©Lifig» 

B:'J>, ?>\,-?-< , 7Lx&&ZS15V?k 

& y %5gpA^6Stfnfc-JiSJ-x±<D7c« 

< i:t,-^*^wr«c «*:^t§st<!:r5ii^7 iciae 

©y^A^-Kll. 



IRilOM 50nmJ-X±50Mmi-XT 
T'*Scli:^S!i:-r5if*3I1 tciBSwy^Ar::* 

[ff^JSI 0] ]ESMJl2:ftSWI<D2 

ii <fc y«na*ftT^*c t^ftsst-r sif^js i icek 

[a*i 1 1 1 ftofliittttfkftsd* r« y 
-r*ve*it<b^o3igTii5y, 
ES<Mttft<t:ita**ftr« y ^^i^veaMifb^ 

«l©3ET»$«Ci:*1tai:rSSi*n 0fcB«©y 

m&mi 2] 2Sfr6%££#StS©JI3'tf2 t im 
J-X±22pmWTT% 

lE^fflijlf ©H* 0. 1 p mJ-X±2p maTT'SS ZtZft 

[H^i 3] fiWMttSMb'j^zawwbfr'f 

Jff^^L. 

ie»j® i* y >iHb£* ymtsmn'pis. <t*> 

mean 4] iESiNitfxoj£#«s*r«c&* 
Wfltr *»»J1 1 o icibk© y ^r>i*-^fUfto 

A : 30IS?% J-X±50ISi^%J-XT©L i 
B:y V 

%J-X±50%WT7« 5 C <»: *?$f & «»: If 31f #31 1 0 K1B 

^©y^^/x-^sjfe, 

[11^16] iE@ffliJM©Ji*6M0nmW±25 ( imJ-XT 
T?ft*Ct*1S«tf *»«SI1 0lCfBiE©y^^/»- 

5 c <t rsit^Ji 1 iciBS© y ^ 
[ft *^ 1 8 ] iE8i©*r8ig#*j!>\ <K y t- y 

[If jRH 1 9 ] iE@©^ Jl^? *\ LiPF 6 i3<fcLfLiC 

F3SO3 co^ttitm y $m lt^s c t «tt 



14 



m 1 1 1 icmmo y * ■* kz.xwb. 
mxm 2 o ] jE®tf&&wMmam Lz^zzt 
znmt t m *m 1 tae© y ? 

mm a y c t ?sai r sif *n 2 0 (cibko «j ? 

[ff#J12 2] iESO«Wni«tfftS0>y?9ii* 

a y ®t 5 z t zim t r «n #n 2 0 icibs© y 

fiSroy^^A^^tgftt-rsrtiCcfc'j. gits 
ififisicfc^Tmmtr 5 c t ^sstt-r «n *n 2 0 ic 

[it 2 4 ) iEm<D^mmmm^(omm^m^ 

ifififKfitTBafwtr 5 z t ttrnt? «n #n 2 0 ic 

tmmm2 0[cum<D'j9-yL,-^m^ 



mem 2 0 ices© ? Mxz&msbo 
mum 2 7 ] xsa^*iK«tf>0«ai8U8## 
«tt*;i/# vaxxy ;uH*««r * e t ztmtrz 

m*m 2 8 ] iE®am®wMm*<Dm®®Mi8,ft& 

[if*312 9] fUSOSffiSStf. RmaxfilTO.OItU: 

5 v^Fz*&zz£%%fmttz>m#.m-\ ici3«©y 

[if#H3 0] ftSOWKWMK* U^^Ai:^ 

if 1 ^ses© «j ^ ^ 
[if3jyi3i] &m<DmMicimiv\iii>mftis;<. 

[if*JS3 2] BMb%lH*fl"r3C 

<t & < m.mnmmm&Bi&i- nz^z z t &m t r 3 
if5R3l1 u:E«©y** 

[if*Ji3 3] mnm<D&*icmw&zM:z.. vrv 
i±<smttHznmiciimt?. ama>mw»±K.s mm 



F 5H003 AA02 AA04 BB02 BB03 BC05 

5H014 AA02 EE01 HH01 
5H029 AJ03 AJ05 AJ12 AK16 AL01 
AL12 AM12 DJ09 EJ03 HJ02 
HJ04 HJ20 



15 



